A Gram-staining-negative, non-motile, yellow-coloured, rod-shaped bacterium, designated S44
growth occurred in the presence of .2 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain S44
T represented a member of the genus Flavobacterium,
showing the highest sequence similarities to the sequences from Flavobacterium succinicans DSM 4002 T (96.9 %), Flavobacterium reichenbachii WB 3.2-61 T (96.6 %) and Flavobacterium glycines NCBI 105008 T (96.5 %). The G+C content of the genomic DNA was 33.6 mol%. The predominant cellular fatty acids were C 15 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 and summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), and the major respiratory quinone was menaquinone 6 (MK-6). The major polar lipids were phosphatidylethanolamine, two unknown aminolipids, two unknown aminophospholipids and four unknown polar lipids. On the basis of the phenotypic and genotypic data, it is proposed that the isolate S44 T be classified as representing a novel species of the genus Flavobacterium, for which the name Flavobacterium palustre sp. nov. is proposed. The type strain is S44 T (5CGMCC 1.12811 T 5NBRC 110389 T ).
The genus Flavobacterium (family Flavobacteriaceae, phylum Bacteroidetes) was first proposed by Bergey et al. (1923) , and extensively emended descriptions of the genus were given by Bernardet et al. (1996) , Dong et al. (2013) and Kang et al. (2013) . At the time of writing, the genus Flavobacterium contains 140 species with validly published names (http://www.bacterio.net/index.html) and has undergone a considerable expansion in the last decade. Strains of species of the genus Flavobacterium are Gram-stainingnegative, aerobic, non-motile or with gliding motility, nonspore-forming, yellow-pigmented and rod-shaped bacteria with menaquinone-6 (MK-6) as the major or sole respiratory quinone. Species of the genus Flavobacterium have a DNA G+C content of 30-52 mol% (Bernardet & Bowman, 2011; Liu et al., 2010) .
Strain S44
T was isolated from the bankside soil of Xixi wetland (30 u 159 53.180 N 120 u 29 43.240 E) (Hangzhou, China) in May 2013. Luria-Bertani (LB) medium (10 g tryptone l
21
, 5 g yeast extract l
, 10 g NaCl l
; pH 7.0) was used for isolation at 28 u C by the serial-dilution technique. After 3 days of incubation, a pale yellow colony, designated strain S44 T , was obtained. It was cultured routinely on LB medium at 28 u C and preserved as a suspension in LB broth with 30 % (v/v) glycerol at 280 u C.
Bacterial genomic DNA was extracted using the UltraClean Microbial DNA Isolation kit (MoBio). The 16S rRNA gene of strain S44 T was amplified using the universal primers 27F and 1492R as described by Huang et al. (2008) . The purified PCR fragment was cloned into pMD19-T vector (TaKaRa) and then sequenced. The almost complete 16S rRNA gene sequence (1475 nt) was compared with sequences from closely related strains available via the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) and sequence similarity was calculated by pairwise alignment obtained from this database. Multiple sequence alignment was performed using CLUSTAL W (Thompson et al., 1994) . Evolutionary distances were calculated with Kimura's two-parameter model (Kimura, 1983) . Phylogenetic trees based on 16S rRNA gene sequences were reconstructed using neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods with the MEGA5.1 program (Tamura et al., 2011) . The robustness of tree topologies was assessed by bootstrap analyses based on 1000 replications (Felsenstein, 1985) .
16S rRNA gene sequence similarity values less than 97.0 % have been proposed as a criterion for differentiating bacteria at the species level (Stackebrandt & Goebel, 1994 Cell morphology was observed with an optical microscope (SZM-168; Motic) and a transmission electron microscope (JEM-1230; JEOL) using cells grown for 3 days at 28 u C on R2A agar (Huo et al., 2010) . Cell motility was examined in semi-solid medium by the stab cultivation method (Dong & Cai, 2001 ).
The pH range for growth was determined in LB broth that was adjusted to pH 5.0-11.0 (at 1 pH unit intervals) using appropriate biological buffers (MES for pH 5.0-6.0, PIPES for pH 7.0, Tricine for pH 8.0-9.0 and CAPSO for pH 10.0-11.0) at a concentration of 50 mM. Evaluation of the pH values after autoclaving revealed only minor changes. Growth at different temperatures (4, 6, 10, 15, 25, 28, 32, 37 and 40 u C) was tested in LB broth. Salt tolerance was tested in LB broth with various NaCl concentrations [0, 0.5, 1, 2, 3, 5 and 7 % (w/v)]. Growth was also evaluated on R2A agar (yeast extract, 0.5 g; proteose peptone, 0.5 g; casamino acids, 0.5 g; glucose, 0.5 g; soluble starch, 0.5 g; sodium pyruvate, 0.3 g; K 2 HPO 4 , 0.3 g; MgSO 4 ?7H 2 O, 0.05 g; ditilled water, 1 L; pH 7.2), trypticase soy agar (TSA; Solarbio), MacConkey agar (Difco) and Cetrimide agar (Basebio) at 28 u C.
Unless otherwise stated, all physiological and biochemical tests were performed on LB medium. The presence of flexirubin-type pigments was assessed by the colour shift of bacterial colonies from yellow to red after flooding with 20 % KOH solution (Fautz & Reichenbach, 1980) . Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined by oxidation of 1 % (w/v) N, N-dimethyl-p-phenylenediamine dihydrochloride solution (Dong & Cai, 2001 solution (Dong & Cai, 2001) . Other physiological and biochemical characteristics were investigated using the API ZYM and API 20NE systems strips (bioMérieux) and the GN3 MicroPlate system (Biolog), according to the manufacturers' instructions. Sensitivity to antibiotics was detected by the disc-diffusion method (Dong & Cai, 2001 ) using different antibiotic discs including (per disc): ampicillin (10 mg), amoxicillin (10 mg), bacitracin (0.04 U), carbenicillin (100 mg), cefoxitin (30 mg), cefotaxime (30 mg), chloromycetin (30 mg), erythromycin (15 mg), kanamycin (30 mg), macrodantin (300 mg), neomycin (30 mg), novobiocin (30 mg), nystatin (100 mg), penicillin G (10 IU), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg), tobramycin (10 mg) and polymyxin (300 U). The strains were considered susceptible when the diameter of the inhibition zone was .5 mm, intermediate at 2-5 mm and resistant at ,2 mm as described by Nokhal & Schlegel (1983) . The phenotypic characteristics of strain S44 T are stated in Table 1 and in the species description.
For analysis of cellular fatty acids, strain S44
T and the two reference strains were grown on TSA plates at 28 u C for 48 h, after which methyl esters were prepared and analysed by using GC according to the instructions of the Microbial Identification System (MIDI) (Kuykendall et al., 1988) . The major cellular fatty acids of strain S44 T were C 15 : 0 (10.5 %), iso-C 15 : 0 (12.3 %), anteiso-C 15 : 0 (13.9 %) and summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH, 11.3 %). Overall, fatty acid compositions of strain S44
T were pretty close to those of strain NBRC 105008 T , with minor differences in the respective proportions. However, strain S44
T differed from strain NBRC 14905 T by having significantly lower proportions of iso-C 15 : 0 (a 23.1 % difference) and higher proportions of anteiso-C 15 : 0 and summed feature 3 (13.0 % and 7.3 % difference, respectively). Detailed information is given in Table 2 .
Respiratory quinones were prepared and analysed as described by Komagata & Suzuki (1987) . Freeze-dried cells (200 mg) were suspended in 45 ml of chloroform/methanol (2 : 1, v/v) in darkness and stirred gently overnight. After filtration, the extract was evaporated to dryness and dissolved in 1 ml chloroform. This chloroform solution was applied to silica-gel TLC plates (Kiesel-gel GF254, 0.20-0.25 mm thickness; Qingdao Haiyang Chemical) and developed with hexane/diethyl ether (34 : 6, v/v). The quinone bands were visualized using UV light at 254 nm. The corresponding quinone band was scraped off and extracted with chloroform. Finally, quinone samples were separated by HPLC and further identified using a mass spectrometer. MK-6 was the only quinone of strain S44 T and the reference strains, which is in accordance with the phenotypes of all other members of the genus Flavobacterium (Bernardet & Bowman, 2011) .
Polar lipids were separated and identified by two-dimensional TLC methods (Komagata & Suzuki, 1987) . Cell biomass of strain S44 T and the reference strains was harvested by centrifugation from 300 ml cultures and then suspended in 60 ml chloroform/methanol (1 : 2, v/v) solution and shaken at 200 r.p.m. overnight. After filtration, the extract was evaporated and re-extracted in 1 ml chloroform. Solvent systems employed for developing two-dimensional TLC were chloroform/ethanol/water (26 : 10 : 1.6, by vol.) for the first dimension and chloroform/ethanol/acetic acid/water (48 : 7.2 : 9 : 2.4, by vol.) for the second dimension. The total polar lipids, aminolipids and phospholipids were identified by spraying with H 2 SO 4 /ethanol (1 : 1, v/v), ninhydrin and molybdenum blue respectively. The predominant polar lipid of strain S44
T was phosphatidylethanolamine, which is in keeping with the characteristics of members of the genus Flavobacterium (Fig. S2) . The polar lipid profiles of strain S44
T and the reference strains were very similar. They all contained PE, an unknown aminophospholipid, an unknown aminolipid and three unknown polar lipids. However, they differed by the presence and numbers of . All data are from this study. All strains are positive for nitrate reduction, oxidase, catalase, esterase, esterase lipase, valine arylamidase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, bglucosaminidase, alkaline phosphatases, leucine arylamidase, acid phosphatases and the utilization of L-arabinose. All species are negative for indole production, fermentation of glucose, arginine dihydrolase, urease, lipase, a-chymotrypsin, a-mannosidase, afucosidase and the utilization of D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. +, Positive; 2, negative; W, weakly positive; NA, no data available.
Characteristic 1 2 3
Motility 2 + 2(+*) Flexirubin-type pigments + 2 + Hydrolysis of: Aesculin
Utilization of:
33.6 36.1 33.3D *The opposite result has been reported by Madhaiyan et al. (2010) . DThe DNA G+C content (mol%) reported by Madhaiyan et al. (2010) is 35.6 %.
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unknown aminophospholipids, unknown aminolipids and unknown polar lipids.
The G+C content of the genomic DNA was determined using a reversed-phase HPLC method (Mesbah & Whitman, 1989) . A sample (5-25 mg) of purified genomic DNA was denatured at 95 u C for 5 min and then hydrolysed with P1 nuclease. The resulting nucleotides were dephosphorylated with calf intestine alkaline phosphatase.
The DNA G+C content was determined by reversed-phase HPLC and calculated from the deoxyguanosine/thymidine ratio. The DNA G+C content of strain S44 T was 33.6 mol%, within the range (30-52 mol%) described for members of the genus Flavobacterium (Bernardet & Bowman, 2011; Liu et al., 2010) .
On the basis of the phenotypic and genotypic data described above, strain S44
T should be classified as representing a novel species of the genus Flavobacterium, for which the name Flavobacterium palustre sp. nov. is proposed.
Description of Flavobacterium palustre sp. nov.
Flavobacterium palustre (pa.lus9tre. L. neut. adj. palustre marshy, swampy or muddy, living in marshes).
Cells are Gram-staining-negative, aerobic and non-motile rods (approximately 0.5-0.7 mm wide and 1.6-2.2 mm long) (Fig. S3) . After 3 days of incubation at 28 u C on R2A, colonies are 1-2 mm in diameter, pale yellow, translucent, circular, roughish and convex with entire margins. Growth occurs on LB, R2A and TSA agar but not on MacConkey or Cetrimide agar. In LB broth, growth occurs at 6-37 u C (optimum, 28 u C), at pH 6-9 (optimum, pH 7) and with 0-2 % (w/v) NaCl (optimum, 0 %). Flexirubin-type pigments are produced. Catalase and oxidase activities are present. Positive for nitrate reduction, hydrolysis of aesculin, bgalactosidase, alkaline phosphatases, esterase, leucine arylamidase and acid phosphatases. Weakly positive for esterase lipase, valine arylamidase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, a-glucosidase and b-glucosaminidase. Negative for hydrolysis of urea, starch and gelatin, indole production, fermentation of glucose, arginine dihydrolase, lipase, cystine arylamidase, trypsin, a-chymotrypsin, bglucuronidase, b-glucosidase, a-mannosidase and a-fucosidase. Utilizes D-glucose, L-arabinose, D-mannose, maltose, dextrin, cellobiose, sucrose, turanose, stachyose, raffinose, alactose, N-acetyl-D-galactosamine, D-fructose, D-galactose, L-fucose, L-aspartic, pectin, D-galacturonic acid, D-glucuronic acid and glucuronamide as sole carbon sources, but not D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, trehalose, gentiobiose, melibiose, methyl
lactone, D-gluconic acid, mucic acid, quinic acid, Dsaccharic acid, p-hydroxyphenylacetic acid, methyl pyruvate, D-lactic acid methyl ester, L-lactic acid, citric acid, aketoglutaric acid or D-malic acid. Sensitive to the following antibiotics: ampicillin, amoxicillin, bacitracin, cefoxitin, cefotaxime, erythromycin, kanamycin, macrodantin, novobiocin, neomycin, rifampicin, streptomycin, tetracycline and polymyxin. Resistant to carbenicillin, chloromycetin, nystatin, penicillin G and tobramycin. The only respiratory quinone is MK-6. The predominant cellular fatty acids (.10 % of the total) are C 15 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 and summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH). The major polar lipids are phosphatidylethanolamine, two unknown aminolipids, two unknown aminophospholipids and four unknown polar lipids.
The type strain, S44 T (5CGMCC 1.12811 T 5NBRC 110389 T ), was isolated from bankside soil of Xixi wetland in Hangzhou, east China. The DNA G+C content of the type strain is 33.6 mol%.
